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C\ ■ Abstract 

on : 

ON ■ 

We consider the effects of the deuteron spin rotation and oscillations at the 
matter which is proportional to the real part of the deuteron spin-dependent 
forward scattering amplitude. That gives a possibility of a direct measure- 
ment of this quantity. Spin-dependent forward scattering amplitude of the 
deuteron on an unpolarized proton is discussed in terms of the Glauber mul- 
tiscattering theory. This amplitude is determined by the nucleon rescattering, 
■^j - \ nonsphericity of the deuteron and spin-dependent nucleon-nucleon scattering 

amplitude. Thus deuteron spin oscillation phenomenon represents a methosd 
' for N-N scattering amplitude investigation, including its real part, over a 

broad energy range. 

ON ■ 
On i 

»S ■ I- INTRODUCTION 

The most fundamental principles of our understanding of particle physics are analyt- 
icity and unitarity. Through analyticity we can get dispersion relation between the real 
>• . and imaginary parts of the forward scattering amplitude. Experimental checking of disper- 
sion relations is of great importance. While the imaginary part of zero angle amplitude is 
expressed through the total cross section using unitarity relation the measurement of the 
real part presents difficulties. The traditional method of measurement of the real part of 
nuclear scattering amplitude utilizes interference with the presumed known Coulomb ampli- 
tude dominating at small scattering angles [0,0. For measuring the elastic scattering cross 
section over such a small range of the momentum transferred the special methods based on 
the spectrometry of the recoil nucleons are applied. It is need to avoid rescattering by target 
for the accurate measurement of the momentum and the angle of the recoil nucleon .The 
low density targets |L| (supersonic hydrogen jet ) or special detectors are used for this 
aim. 

It has been shown in [[|U that there is an unambiguous method which makes direct 
measurement of the real part of the spin dependent forward scattering amplitude possible. 
This technique based on the phenomena of particle beam spin rotation and oscillation in a 
matter [|3],|4| uses measurement of spin rotational angle under the condition of a transmission 
experiment — the so-called spin rotation experiment. 

For the particles with spin S > 1 the spin oscillation and rotation exist even in un- 
polarized targets and its value does not decrease with particle energy grows [[3r|5|] at high 
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energies. 

Spin rotation and oscillation can be described by the particle spin-dependent refractive 
index of a medium which is proportional to the forward scattering amplitude by a target 
particle. For particles with spin S > 1 (fT-hyperon, deuteron) forward scattering amplitude 
by an unpolarized nucleon has the form: 

F(0) = T + T 2 (Sn) 2 , (1.1) 

where S is the particle spin operator and n is the direction of the particle momentum. 
Analysis by the frame of the Glauber multiscattering theory shows that T 2 is determined 
by rescattering of colliding particle constituents only i.e. the first term of Glauber series 
(single scattering) does not contribute to T 2 . So, one has the unique possibility to observe 
nucleon rescattering in deuteron-proton collision and constituent quarks rescattering in fT- 
hyperon proton collision 

There exist two different contributions to the T 2 term. The first one is due to the non- 
sphericity of the S > 1 particle and the second one is due to the spin-dependent elastic scat- 
tering amplitude of the constituents. At present work T 2 is calculated for deuteron-proton 
collision and it is found that the contribution due to spin dependence of N-N scattering 
amplitude decreases with energy increasing and at the deuteron energy > 5 Gev only the 
contribution due to deuteron nonsphericity survives. 

Deuteron spin oscillation phenomenon is proportional to the product of a real to imag- 
inary parts of the N-N scattering amplitude and increases with the energy growth at high 
energies. So a new possibility for checking dispersion relations arises. In particular, at 
high and super high energies we may check derivative dispersion relations for a scattering 
amplitude. 



II. THE ROTATION AND OSCILLATION PHENOMENON OF A DEUTERON 

SPIN 

The motion of a particle with spin inside the matter can be described by the refractive 
index [|3] 

27T/5 a / x /x 

n = l + -^F(0). (2.1) 

Here p is the density of scatterers in the matter (the number of scatterers in 1 cm 3 ), k is the 
wave number of an incident particle. F(0) is the zero-angle elastic scattering amplitude which 
is an operator in spin space of the incident particle. The dependence of the amplitude -^(0) 
on the orientation of colliding particle spins gives rise to quasioptic effects (spin rotation, 
spin oscillation and dichroism) under the passage of a particle through the medium. 

For particles with spins S > 1 the spin rotation arises even in passing through unpolarized 
targets @-§. 

Consider the propagation of deuteron through the unpolarized medium in details. Let 
the spin state of a deuteron being incident on a target be characterized by an initial spin 
wave function tp . Then the spin wave function in the target can be written as: 

i/j(z) = exp{iknz}tfj Q . (2.2) 
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If the target is unpolarized, the zero angle scattering amplitude is determined by the deuteron 
spin properties only ( |1.1|) . In this case T = -F (0) , T 2 = -Fi(O) — -F (0) , where -F\(0) and 
Fq(0) correspond to zero - angle scattering amplitudes for the deuteron with spin projection 
\S,\ — ±1 and S r = 0, n is the direction of the incident deuteron momentum. 



Equation ( |1.1| ) contains the terms only with square-law spin dependence (we consider T 
- invariant interactions, therefore the odd powers of spin in the amplitude should be absent). 
Taking the quantization z - axis parallel to n and denoting the magnetic quantum number 
through m we obtain from equation (|2.1| ) and ( |1 . 1|) : 

Um = 1 + ~^T Fm ^' n m = n' m + in" m , (2.3) 

where n' m are the real and imaginary parts of the refractive indices for the particle in 
an eigenstate with spin operator projection S z = m. 

It follows from ( |1 . 1|) , that the states with quantum numbers m and — m are described 
by the same refraction indexes, however n±i ^ n . This difference determines such effects 
as spin rotation and oscillation. 

In general case the deuteron spin wave function at a medium entry can be written as: 

^ = {ae iS -\be iSo } c e iSl }. (2.4) 

The polarization properties of the particle with spin 5 = 1 are expressed through spin vector 
S and rank 2 tensor 4j = 3/2(5^ + SjSi - 4/3<? y ) @. Using equations Q , (pD > O 
it is possible to find their evolution as a function of a particle way length inside the tar- 
get. In particular, for the polarization vector (< S >= < t-t~tt > ) we have the following 

\ ip \ 

expressions: 

< S x >= V2e- { < +n " )z b( acos[5_i - S + (n[ - n' Q ) z] + 
c cos[5 -S t + K - n[) z])/\^j\ 2 

< S y >= V2e~ {n ° + n " )z b ( asin[5_i - 5 + (n[ - n' ) z] (2.5) 
+ c sin[5 - 5i + K - n[) z})/\^\ 2 

<S z >=e~ 2z <{-a 2 + c 2 )/\^\ 2 

And for the tensor rank 2: 

< Q xx >= {-[a 2 + c 2 ] e- 2n "72 + b 2 e~ 2 < z + 
3e- 2n " 2 accos[5_i -5i]}/H 2 

< Q yy >= |_[a 2 + c 2 ] e" 2 <72 + b 2 e- 2 "^ - 

3e- 2n " z accos[5_i-5i]}/|Vf 

< Q zz >= {[a 2 + c 2 ] e~ 2n " z - 2 b 2 e- 2 < z }/\ij\ 2 (2.6) 

< Q xy >= 3e~ 2n " z ac sm[6^ - c^/H 2 
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< Q xz >= {-L e -M+»i> b(-acos[<5_ 1 -5 + « - 

+ccos[5 -5i + (n'o-ni)z])}/|V| 2 

< Q tfz >= { JL e -K+«i')« b (_ a sin [ 5 _ 1 _ 5o + ( n ; _ n ' o ) z ] 

+csm[5 -5 1 + {n' -n[)z])}/\t(j\ 2 , 

where |?/>| 2 = [a 2 + c 2 ]e~ 2n " z + b 2 e~ 2ri o' 2 and z is the particle way length inside the 
medium. From these expressions it follows that in general case the spin dynamics of deuteron 
is characterized by a superposition of two rotations in clockwise and counter-clockwise direc- 
tions. Let's consider some particular cases. If the initial polarization vector is normal to the 
particle momentum so, the initial populations and phases of the states with the quantum 
numbers m and — m are equal the components < S y > and < S z > remain zero during the 
whole time of particle penetration through the medium and < S x > oscillates. The com- 
ponents of quadrupole tensor of deuteron oscillate too. If the initial polarization vector is 
directed at an acute angle to the momentum direction the polarization vector motion looks 
like rotation in fig.[l|. If the initial polarization vector is directed at an obtuse angle to the 
momentum direction the spin rotates in the opposite direction. 



III. EIKONAL APPROXIMATION FOR THE SPIN PARTICLES. 



The phenomena of spin oscillation and rotation are defined by the value of T 2 .The two 
factors give contribution to T 2 : 1) nonsphericity of a deuteron; 2) spin dependence of nucleon 
- nucleon scattering amplitude. In ( [|J, ||) the eikonal Glauber approximation |||7J was 
used for the study of oscillation and rotation phenomena. The spin dependence of scattering 
amplitude isn't taken into account in the traditional Glauber theory. Therefore, only the 
contribution of 1) was studied. Now, for the account of 1) and 2) we should use the spin 
eikonal Glauber approximation. Consider proton-deuteron elastic scattering. According to 
|lCfl the scattering operator for two colliding particles is written as 

T = Vint + VintVtVint (3.1) 

where fl = , H = K + Vy nt is Hamiltonian of the system, V int is the operator of 

E — H + iO 

deuteron - proton interaction, K is the noninteracting Hamiltonian part for the d—p system. 

Making the transformations — — = — — ( 1 + Vi nt — — ] we derive 

6 E-H + iO E-K + iO\ E - H + iO J 

T — Vnt + Vint^oT, where Q = is the free propagator function of "deuteron 

E — K + iO 

+ proton" system. The interacttion part of Hamiltonian is written as Vi nt — V\ + Vi where 
Vi, V2 are "proton - proton" and "neutron - proton" interaction operators. By analogy we 
can write: 

r 1 = v 1 + v l n m r l , t 2 = v 2 + v 2 n 02 r 2 , (3.2) 
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Where Oqi, ^02 are the free propagators of the "proton + proton" and "neutron + 
proton" systems. 

Expressing V x and V 2 through T x and T 2 from (p^) : V x = 71(1 + fi i71) _1 , ^ 2 = 7" 2 (1 + 
^02 T^) -1 and substituting results in ( |3.1|) we obtain 



T = (1 - Kntflo) -1 ^ = {1 - (71(1 + fioiTx)- 1 + T 2 (l + ^T,)- 1 ) fio}" 1 

x(T 1 (l + fioiTx)- 1 + T 2 (l + n^T,)- 1 ) » {1 + 71O + T 2 fi } {71 - 71Q 01 7l + T 2 

-r 2 fi 02 T 2 } « Ti + r 2 + Ti(n - n i)Ti + r 2 (fi - fi 02 )r 2 + ti^t, + t 2 q 71 (3.3) 

Considering proton scattering by resting deuteron in the impulse approximation for the 

proton kinetic energy much greater than the bound energy of the deuteron we can neglect 
the difference between fl and flof. 

T^T 1 + T 2 + T x n Q T2 + T 2 n T 1 . (3.4) 

It can be written for small angle scattering: 

< out\T\in >= -5 {3) (p out - p in ) E F(q, n) , (3.5) 

(27r) 2 e(p) 

where pj n is the sum of incident particles momentums, p out is that after the collision, e(p), p 

are the energy and momentum of projectile, n = -E-, q is momentum transferred q = p' — p, 

\P\ 

F(q, n) is the scattering amplitude normalized by the condition a tot = 4irImF(0). It can be 
obtained from the ordinary amplitude through division by the wave number of the incident 
particle. Amplitude normalized in such a way is invariant relative to the Lorentz transforms 
along the incident particle momentum direction, so, the p — d amplitude is equal to the d — p 
amplitude when the deuteron moves with the same velocity as proton at the first case. It 
is more convenient to speak about p — d amplitude under calculation but we need d — p 
amplitude for the description of the spin oscillations effect. Calculating scattering matrix 
element we use the deuteron wave function in the following form 

| d p>= (27r)- 3 /V^0( ri -r 2 ) = 

-3/2 f I/Vtl tO. E „ _W 4- E ^ ^ 



(2vr)-^ J 0(k)|xk + ^; 2 -k + I > d 3 k , (3.6) 

where 0(k) = J 0(r) e - ikr d 3 r, ^kjap >= |ik > | 2 p >= (2vr)- 3/ V kri (27r)- 3/ V pr2 . Taking 

matrix element from ( |3.4j ) we obtain for the single scattering (moving nucleon and rest 
deuteron are considered): 

< d 0| < p'|71|p > \ d >= -ip J + (k') < p'; 2 -k' ;i k'lTilxk;, -k; p > 



X(f>(k)d 



3 kd 3 k' = J 4> + (k')5 {3 \k' - k) < p' ;i k'|Ti|ik; p > 4>(k)d 3 kd 3 k' 



-6^(p> - p) I r Sp aia2 {J ? i(0, n)G(O)} (3.7) 
(2vr) 2 5(p) 
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and for the double scattering: 
< d 0| < p'lT^o^lp > \ d >= J 0+(k') < p'; 2 -k' ;i k / |7ifi 7i| 1 k; 2 -k'; p > 



x0(k)d 3 kd 3 k' = y 0+(k') < p' ;i k'; (T^k; q > 

x < i 

_ 5 (3) (p-p') p 



1 /' - . , , . , . _ . . 1 

£ - e(q) + iO 

x < q; 2 -k'|T 2 | 2 - k; p > 0(k)d 3 qd 3 kd 3 k' 



(2vr) 7 7 r v £(p) y ^-£(p + k'-k)+iO 



'" / 2 (q - p, n)0(k)5(g 2 - + k g - p)5 (2) (q± - k' ± + k ± )d 3 qrf 3 kd 3 k' 

^ 1CT2 {y'rfV/i(-q±,n)/ 2 (q ± ,n)]G'( + )(2q)| , (3.8) 



e(p) 

—i5^(p — p') p 



(2vr)3 e (p) 
where the form factor G^(q_i_) is defined as 

G<±,(qJ = (W / " k - + T>S^W W ■ (M) 
G(qx) = G (+, (qJ + G'-»(qx), 

To derive these equations we have used some assumptions: 1) it is suggested that m > 
r where Td is the deuteron size and r is the interaction size; 2) we remain only the 
energy of the incident nucleon at the denominator of f2 and bring Q to the eikonal form: 

(E-e(p + k' -k)+?0)- 1 = (-^-^(k'-k^Or 1 = - £ ^ . Taking the matrix 

dp p(k z - k' z + iO) 



element from the remaining terms of (|3.4| ) and comparing with (|3.5| ) we find the forward 
scattering amplitude of the nucleon on the deuteron: 

F(0) = ^ CT1CT2 {(A(0) + / 2 (0))G(0)} + 7^S PtTia2 { J (/i(-q)/ 2 (q)GW(2q) 

+/ 2 (q)/i(-q))G(-)(2q)rf 2 q} (3.10) 
It is implied in (|3.10p that q is two-dimensional vector. 

IV. FORWARD ELASTIC SCATTERING AMPLITUDE OF THE DEUTERON 

ON A NUCLEON. 



Rewriting ( |3.10| ) in terms of a profile function T(b) and density p(r) we have for the 
nucleon deuteron scattering: 

F(o) = ^J Sp^v^h - b x ) + r 2 (b - b a ) - r x (b - b x )r 2 (b - b 2 )e{ Zl - z 2 ) - 

T 2 (b - b 2 )I\(b - b 1 )6(z 2 - zi)}<y( ri - r 2 )p(r 1 )d 3 r 1 d 3 r 2 = 

^ J ^ CTlff2 {(r 1 (b-b') + r 2 (b + b / ))pj_(b / )-r 1 (b-b')r 2 (b + b / )pi +) (b / )- 

V 2 {h + h')Y 1 {h-h') ( f-\h')) (4.1) 
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where p^\b) = / p(r)dz, p^\b) = p(r)dz, p ± {b) = p«(b) + ^(b), 

JO J-oo 

r = {b,2;}. p(r) is the nucleon density in deuteron and spin density matrix of deuteron 
nucleons simultaneously. The expression Q4.1|) implies that, if the incident particle firstly 
scatters on the nucleon 1 it spin wave function is acted by I\ , and then by the T 2 . If the 
first collision happens with nucleon 2 the T 2 acts firstly. Profile-function T(b) connected 

with the N — N nucleon scattering amplitude by the relation: f (q) = — / r(b)e~* qb <i 2 b 

at the expression ( p,10|) we see that in the resulting expression the integration area over 
transferred momentum q is restricted by the deuteron form factor. In supposition of a 
sharper dependence of deuteron form factor on q we may carry out N-N scattering amplitude 
from the integration or using the model profile function: 



271" r Q 

r«(b) = — \ a a + v a (cr(T a ) + e a (cr a n)(crn) -(cr 

wher 5^ (b) is the two dimensional Dirac delta-function, m is the nucleon mass. This profile 
function corresponds to the scattering amplitude 

/a(q) = a a + v a (o- a rr) + e Q (cr a n)(crn) + 

— (cr a + cr)q x n + — ^(cr a q)(crq) , (4.3) 

m mr 

where a a , v a ... do not depend on q. Considering T and P invariance we can represent p(r) 
as: 

p(r) = ^{A + AtS ((Tt + <x 2 ) + A 2 (Sr)(<n + <r 2 ) • r + A 3 (Sr) 2 + A A {<r X (T 2 ) 

+A 5 (a 1 r)(a 2 r) + A 6 (( < r 1 S)(o- 2 S) + ( < t 2 S)(o- 1 S)) + A 7 (<nr)(<7 2 r)(Sr) 2 
+A 8 (<Ti<r 2 )(Sr) 2 + A 9 ((o- 1 x S • r)(cr 2 x S • r) + (<r 2 x S • r)(o- 1 x S ■ r)) 
+A 10 ((<r 1 r)(<r 2 S)(Sr) + ( < r 1 S)( t r 2 r)(Sr) + (<nr)(Sr)(<7 2 S) + (Sr)( CT2 r)( C r 1 S))} (4.4) 



A„ are real functions of r everywhere in (fO). A — A 10 are found from the deuteron wave 
function: 

U(r) 1 W(r) \ 

h -7= 5ia Xm, (4.5) 



47T 

where t/(r) is the radial deuteron S-wave function and W(r) is the radial D-function, Xm is 
the spin wave function of two nucleons with spin projection m , Si 2 = — - — (<Ti<r 2 ). 

Taking into account p(r) = 8</>(2r)0 + (2r) we find nucleon density matrix for the deuteron 
at the state corresponding to spin projection 1: 



7 



(1 1 P(r)) 1 1} = i (m. + 1 m Sa ) w + 

7r V r a/8 r / \ r a/St 



1 (U(2r) | 1 WXgrj g \ (l+ffi-e)(l + ff2 -e) f U(2r) | l W(2r) ( | (j) 



7T 

where e is the unit vector in the deuteron spin direction. From the other side (1 | p | 1) can 

be obtained by taking the matrix element from ( f4.4|) for the deuteron state corresponding 

to spin projection 1. It can be obtained by comparing the expressions : 

A (r) = u 2 -8uw + lQw 2 , A x = u 2 -2uw-8w 2 , r 2 A 2 = Quw + 12w 2 , r 2 A 3 = 12uw-12w 2 , 

A 4 = 8w 2 + 8uw — u 2 , r 2 A 5 = -2Aw 2 , A 6 = u 2 - 2uw + 4w 2 , r i A 7 = 72w 2 , 

r 2 A$ = -12w 2 , r 2 A 9 = -6uw, r 2 A 10 = -12w 2 . 

Functions u and w are expressed through U and W by: W{2r) = 4^rw(r), U(2r) = 
2-Kru(r). By substituting the expression for p(r) and for the profile-function to the ( |4.1| ) 
it is possible to calculate the forward p — d scattering amplitude (Appendix) that is also 
d — p scattering amplitude for the two times larger energy due to normalization used. The 
values a, b,c... have been taken from the SAID phase shift analysis (solution SP98) and 
Nijmegen deuteron S- D- wave function [|l^] results have been obtained which are pictured 
on the figure 0. We see that the contribution of the spin dependent N-N interactions is 
small for the deuteron energy greater than 5 Gev. Note, that the approximation of the 



constant a,v,e,c,d used in (|4.2|) is very rough, because calculations show that spin-dependent 
deuteron form factors have less sharper q dependence than spin-less form factor. Consider, 
for instance, form factor with neglecting the dependence on spin of deuteron nucleons. 

G(q) = G (q) + (Sn) 2 G s (q) (4.7) 
= J (A (r) + A 3 (r)b 2 )e icih d 2 bdz + (Sn) 2 J A 3 (r)(z 2 - h -)e i(ih d 2 hdz. 

Form factors Go(q) and G s (q) are shown in fig. |3] and we see that the G s (q) is wider than 
ordinary G (q) considered . We still use above the approximation to simplify calculations. 



V. DEUTERON PROTON SCATTERING AMPLITUDE AT HIGH ENERGIES. 

It has been found above that we may neglect the spin dependence of the N-N scattering 
amplitude at high energies . In this case the T 2 term of the proton deuteron forward 
scattering amplitude is written down as: 

T 2 = ^ / /(i)/(t)G s (2q)d 2 q , (5.1) 
2ir J 



where t = — q 2 . We take N-N scattering amplitude from the |T3| , |14"|| (dipole pomeron is 
considered there): 

f(s,t) = P(s,t) + $(s,t)±u(s,t), (5.2) 

where " + " sign corresponds to the pp scattering and " — " to the pp one, s is the nucle- 
ons energy squared in their center-of-mass frame. The amplitude contains dipole pomeron 
contribution 
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P(s, t) = ig 2 ln(s e _ T/ Sl )(s / s 2 ) ap{t) ~ x exp(-M), (5.3) 

$ reggeon 

$( s , £) = zr$ (s e-^/so)"*^- 1 exp(-M) (5.4) 

and a; reggeon 

u(s,t) =r LU (l-t/t u) ){se-^/s ) a ^- l exp(-bj) (5.5) 



contributions. Parameters used are listed in |13| , |14]| . The N-N scattering amplitude (|5.2| 
obeys the derivative dispersion relation (DDR) [p~5| |17 



Let us remember how the DDR arises. The requirement of analyticity is that the pp and 
pp elastic scattering are described by the single analytic amplitude function f(s,t) 

f pp (u + iO, t) = f pp (4m 2 u iO, t) , (5.6) 

where the relation s + u + t = Am 2 is used. For the large u we have: 

fpp(u + iO, t) = f pp (-u - iO, t) = f* pp (-u + iO, t) . (5.7) 

In the latest equality f pp (u) is assumed to be a real function of u. Changing u by s we have 

f pP (s + tO,t) = f; p (-s + tO,t) (5.8) 

Constructing combinations f + = — — ^ pp and f_ = ^ pp - — we find 

f+(«o = r+( s ) . f-( sei7r ) = -£(*) . (5-9) 
i . 

s 

/+ ( ae *r) = /*( se -) = . (5.10) 



and for our amplitude normalization / 



Solution of this relations are f+{s) = iK(se~^) and f-{s) = K(se~^~), where K(s) is a 
real function K*(s) = K(s*). It is easy to check that f+(s) and f-(s) are satisfied to the 
dispersion relations: 

ifc/ + (-,*) = *yg^)/m/ + (-,t) 

Jm/_( S ,t) = -^^-^ rT V e /-( s ' t ) • ( 5 - n ) 



2 dln(s) 

The difference between the particle and antiparticle cross sections goes to zero at high 



energies |14j and the single DDR for / remains. The T 2 term of the forward deuteron 



-proton scattering amplitude satisfies the DDR at high energies 

because if / satisfies the first equation of (|5.10|) , T 2 in (|5.1| ) has the same form as / (G(q) 
is a real quantity). Certainly we can deduce this by straight way by considering dp and dp 
channels. So measuring real part through the effect of the deuteron spin oscillation we have 
a new test for DDR checking. Oscillation phase (rotational angle) and dichroism calculated 
with the amplitude (|5.2p is shown in the Fig. f|. We see that rotation angle goes through 
zero in vicinity of E ~ 1 Tev and then its absolute value increases with energy. 
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VI. CANCELATION OF THE COULOMB INTERACTION INFLUENCE ON 
SPIN OSCILLATION AND ROTATION PHENOMENA. 



It is necessary to discuss the influence of electromagnetic interaction. Charged particle 
beam moving in a matter is under the action of Coulomb multiple scattering. Since the 
Coulomb effects at high energies are significant only at small angles, it is enough to consider 
the terms proportional to g~ 2 and to q^ 1 . Divergent at small q terms of the deuteron 
electromagnetic scattering amplitude on an unpolarized nuclei of charge Z can be written 
as (another terms which is convergent at small q is much smaller than the nuclear part of 
the scattering amplitude): 

Fcoi = a co i(q) ~ ^M(S ■ n x q) , (6.1) 

m d 

, / \ 2Za 7 d Za I ^ d 

where a col {q) = , c col = — I /J, d - 



2 I — 2 T ' 2 I " a / n 

q q \ 7, + ^ + Vl + (^) +2^ 7d/ 

a = 1/137 is the fine structure constant, 7^ is the deuteron Lorentz factor, m d and m 
are the deuteron and target nuclei masses correspondingly. The nuclear part of scatter- 
ing amplitude has smooth g-behavior and much smaller than the Coulomb one at small 
q. Coulomb scattering results in the particle beam spreading over small angle but still it 
does not prevent spin rotation and oscillation if to speak about rotation of the polarization 
averaged over beam spreading angle. This problem is discussed earlier in terms of density 
matrix formalism [^,|l^] and it has been shown that the second term of the electromagnetic 
amplitude results in only insignificant depolarization of the beam lowering absolute value of 
the beam polarization |£| 



'<i 



where 

Qmax 



Ccol 



12 _ 

Qmin 



J I c coi | 2 q 3 dq = (Za) 



; ld I In 



2vr 

Maximum momentum transferred q max = — is restricted by the deuteron size or 

r d 

by the collimation angle 9 det of the detector q max = 9 det k d , where k d is the deuteron mo- 

2vr 

mentum. Minimal momentum transferred q m in = — is determined by the screening radius 

n 

approximately equaled to the radius of the first Born orbit rv First term of the amplitude 
3.11) results in the correction due to Coulomb nuclear interference which can be taken into 



account |19j by changing F(0) — > F(0) exp(ia co i) in (|2.1|) , where 
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Qmax 

Id 



a col = J a col (q)qdq = -2Za 



However, nuclear amplitude also contains an electromagnetic correction due to Coulomb 
wave distortion which turns out to be F(0) = F nuc iexp(—ia co i)) (Bethe's phase |21|-p0| ), 



where F nuc i is "pure" nuclear scattering amplitude under the turned off electromagnetic 
interaction. We see that these corrections cancel each other and "pure" nuclear amplitude 
can be measured with the help of spin oscillation and rotation and dihroism phenomenon. 



VII. DEUTERON SCATTERING BY NUCLEI. 

Deuteron scattering by nuclei should be considered on the basis of the Glauber multiscat- 



tering theory with Gribov inelastic corretions [31,32]. However, we give simplified analysis 



of the discussed effect. Notice, that two types of the diagrams of deuteron double sattering 
exist [33]. For the first type diagrams both deuteron nucleons strike the same nucleon of the 
nucleus. For the second type diagrams deuteron nucleons are scattered by different nucleons 
of a nucleus (figure |). 

Contribution of the first type diagrams with screening can be expressed through the 
deuteron-nucleon scattering amplitude. Let us write deuteron-nucleus scattering amplitude 
as 

FdA = ^f [l-e-^)Sh , (7.1) 

where eikonal function is expressed through the deuteron-nucleon forward scattering ampli- 
tude F, the nucleus radius R, the deuteron radius and the atomic mass number A: 

3iFA ( 3b 2 \ . , 

n dA = m ; o exp - — — ■ „, . (7.2) 



R 2 + r 2 l \ 2(i? 2 + r 
Substituting ([F^D to the Q we find 



.R 2 + ri ( 3iFA \ . , 

FdA = 1 —A Em ( r —J , ( 7 .3, 

Z 

where exponential integral |34| function Ein is Ein(z) = J (1 — e^dt/t , Re z > 0. 

o 

Remembering that the values of deuteron-nucleon scattering amplitudes F for the deuteron 
spin projectionson the momentum S z = and | S z \= 1/2 are slightly different we express 
the T 2 term of the forward deuteron-nucleus scattering amplitude through the T 2 -term of 
the deuteron-nucleon amplitude 

SF Mrr ,fl 2 + r|/ ___[3iFA\\T 2 



Taking R = 1.12 x A 1/3 fm we conclude that T-f 4 is proportional to A at small FA/(R 2 +r 2 d ) 
and to the A 2 ^ 3 at large one. 
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Second type diagrams can be described through the elastic scattering amplitude of 
the nucleon by nucleus. Nucleon-nucleus eikonal has the same form as (7.2) Qna — 
3i f A ( 3b 2 \ 

exp I — — — ) and connected with the N-A amplitude /jva(<z) as in (|7.1|) . T 2 term 
R z \ 2R 2 J 

of d-A forward scattering amplitude is written down as 

T 2 dA = l ~j fNA(q)fNA(-q)G s (2q)d\ (7.5) 
We can approximate G s (q) ~ a s q 2 and substituting to ( |7.5| ) we find 



Assimptotic 



z 2 



Etn(z) « <^ z ~ Y 



z |< 1; 



(7.6) 



-0.5772 + ln(z), \ z |» 1 

shows that T 2 dA ~ A 2/3 at small fA/R 2 and T$ A ~ ln(A) at large one. Relative contribution 
of the diagrams of the first and the second type is seen from in Fig. ^|. 



VIII. CONCLUSION 

Let us estimate the effect value for hydrogen target of 0.0675 g/cm 3 density. The oscil- 
lation phase and dihroism A are described by expressions: 

<P(z) = 2npRe(F 1 (0) - F Q (0))z, (8.1) 

and 

A(z) = I f ( Z \~ I T ±1 \ Z \ = 2irpIm{FM - F o (0))z , (8.2) 
1 o{z) + i±i\z) 

where I m (z) is the intensity of deuterons with the spin projection m on the depth z if the 
incident beam is unpolarized. For an unpolarized beam /_i(0) = Jo(0) = /i(l) = //3. It is 
obtained for hydrogen target ~ 1.1 x 10 -2 rad/m, ^4 ~ — 3.9xl0 -2 rrT 1 at the deuteron 
laboratory energy 1 Gev (Fig. |^) and <fi ~ —5.2 x 10~ 4 rad/m, A ~ —2.3 x 10 -3 mT 1 
at E lab = 10 Tev (Fig. |). 

For carbon target of 2.2 g/cm 3 density we find with the help of ( |7.4| ) <\> ~ 0.22 rad/m, 
A ~ —0.65 m _1 at the deuteron laboratory energy 1 Gev and <p ~ —5.8 x 10~ 4 rad/m, 
A ~ -3.1 x 10 -2 m" 1 at E lab = 10 Tev. 

Note, that above 1 Tev the absolute value of the spin rotational anlge grows asymp- 
totically with the energy (Fig. 0). Thus the effect of the deuteron spin oscillations and 
dichroism allow measurement of the T 2 term of the deuteron elastic scattering amplitude 
over a broad energy range. This gives information about rescattering of nucleons, deuteron 
wave function, spin-dependent scattering amplitude of nucleons, high energy dependence of 
the real part of N-N scattering amplitude. 
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IX. APPENDIX 

The expression for the forward scattering amplitude of the deuteron on a proton has the 
form 

+00 

F(0) = ai + a 2 + {{ Vl + v 2 ){aS) + (d + e 2 )(<rn)(Sn)}47r 2 ^ ^(z)^ 



+00 

+iti J {{a 1 a 2 A + v 1 v 2 (3A A + z 2 A 5 + 4A 6 + 4z 2 A 9 ) + (e^ + v^ 


1 A' 3 A' 

+w 2 ei)(A 4 + z 2 A 5 ) -{d 2 v l + t^di)^ + 0^5 + — + zA> 9 

m 2 2z 2 z 



+A S + QA l0 ) - + ^-A 5 + 2 -^ + 2A 8 + 2zA' 9 - AA 10 

2m 2 z z z 

+AA 3 )} + (Sn) 2 {a x a 2 z 2 A z + Vl v 2 (z 4 A 7 + 3z 2 A 8 - 2z 2 A 9 

+4z 2 A 10 ) + (eie 2 + v x e 2 + v 2 e 1 )(2A 6 + z 4 A 7 + ^ 2 A 8 + 4^ 2 A 10 ) - —^(^1 

4m z 

+u 2 di)( + Qz 2 A 7 + 2zA' 8 - 2 A 8 - 2zA' g - 4A g - 12A W ) 

z 

+^(~ zA s + 2A 3 + ^ + z 2 A 7 - zA' 8 + A 8 + zA' 9 - 6A 9 - 2A 10 )} 

1 A' 
+(aS){(aiV 2 + v 1 a 2 )A 1 - - — ^{aid 2 + a 2 d 1 )(— + 3A 2 ) 

Am 2 z 

1 A' i 

r cic 2 (— - A 2 ) - —{civ 2 + v x c 2 + cie 2 + e x c 2 )zA 2 } 



2m 2 z 2m 
+ (crn)(Sn){(ait; 2 + v 1 a 2 )z 2 A 2 + {a x e 2 + e x a 2 )(A x + z 2 A 2 ) 

+^(M 2 + a 2 d,){^ + 3A 2 ) + ^- 2 cM^r - ^) 

+ -^-(3ciV 2 + 3^ic 2 + c x e 2 + eiC 2 )zA 2 }\dz , (9.1) 
2m > 

where a, v, c, e, d are constant and A n are function of z, prime means differentiation on z. 
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1.04 * 1(1"* 



5.2 * 10 - 



2.6 » 10 



-2.6 » 10 



0.0 
A m 1 
-1.3 * 10"- 

-2.6 * 10 3 

-3.9 * 1 3 — 

-5.2 « 10 3 



1 2 3 4 5 

E„b Gev 



3 4 5 

E,, h Gev 



FIG. 2. Spin rotation angle and dichroism in hydrogen target before 5 Gev. Solid curve corre- 
spounds to the calculation with the spinless N — N amplitudes. 
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FIG. 4. Rotation angle, dichroism in hydrogen target at high energies. 
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FIG. 5. Diagrams corresponding to the two kinds of the deuteron nucleons double scattering 
by nucleus. 
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FIG. 6. Dependence of the T2-term from atomic wedth for the fist (solid line) and for the 
second (dashed line) kinds of diagrams. 
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FIG. 7. Absolute value of the rotational angle at high energies. 
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